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The following symbols stand for the specified modules:

Information

Installation

Programming

Example exercise

Notes
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1. FORWARD

The module A3 is assigned content wise to the Basics of STEP 7- Programming and represents a
quick start in the STEP-7 Programming.

Basics of
STEP 7- Programming
2-3days A modules

'

Additional functions of
STEP 7- Programming
2-3days B modules

Industrial field bus
systems
2- 3 days D modules

Sequencer
programming
2- 3 days C modules

Process
visualization
2- 3 days F modules

!

IT- Communication
with SIMATIC S7
1- 2 days E modules

Learning goal:

In this module, the reader will learn about the programming of a programmable logic controller (PLC)
with the programming tool STEP 7. The module arranges the basics and shows the procedure in the
following steps by means of a detailed example.

e Installation of software and the modification of a program interface
e  Explanation of what a PLC is and how it works

e  Structure and operation of a PLC SIMATIC S7-300
e  Compilation of an example program

e Loading and debugging of an example program

Requirements:

For the successful use of this module, the following knowledge is assumed:
e  Knowledge in the use of Windows 95/98/2000/ME/NT4.0

Forward Notes Installation Interface Whatis PLC? Setup S7-300 Example exercise Project Program Debug
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Required hardware and software

1 PC, Operating system Windows 95/98/2000/ME/NT4.0 with
- Minimal: 133MHz and 64MB RAM, approx. 65 MB free hard disk space
- Optimal: 500MHz and 128MB RAM, approx. 65 MB free hard disk space
2  Software STEP 7 V 5.x
MPI- Interface for the PC (e.g. PC- Adapter)
4 PLC SIMATIC S7-300 with a minimum of one digital In- and Output device. The
inputs must be led out of a switch bay.
Example configuration:
- Power supply: PS 307 2A
- CPU: CPU 314
- Digital inputs: DI 16x DC24V
- Digital outputs: DO 16x DC24V /0.5 A

w

2STEP7

4 S7-300
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2, NOTES FOR THE PROGRAMMING OF SIMATIC S7-300 WITH STEP 7
21 AUTOMATION SYSTEM SIMATIC S7-300
i The automation system SIMATIC S7-300 is the modular miniature control system for the low and

medium power ranges.

There is a comprehensive module spectrum for the optimal adjustment in the automation task.

The S7-Controller consists of a power supply (PS), a central processing unit (CPU) and signal
modules for in and/or output devices (/O devices). If necessary communication processors (CPs)
and function modules (FMs) can be used for specific tasks (e.g. stepping motor control).

The programmable logic controller (PLC) supervises and controls a machine or a process in
conjunction with an S7 program. The I/O devices are addressed in the S7-Program via the Input (1)
and Output addresses (Q).

The system is programmed with the software STEP 7.

2.2 PROGRAM SOFTWARE STEP 7

=ie

The software STEP 7 is the program tool for the automation systems
- SIMATIC S7-300
- SIMATIC S7-400
- SIMATIC WinAC

With STEP 7, the following functions can be used for the automation construction:
- Configuring and parameterization of hardware

- Generation of a user program

- Debug, commissioning, and service

- Documentation, archiving

- Operation-/Diagnostic functions

All functions are supported and described through elaborate online help documentation.
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INSTALLATION OF THE STEP 7 SOFTWARE

STEP 7 has three different versions:

STEP 7 Professional version, which can use all applications provided by STEP 7(S7- GRAPH
or S7- PLCSIM). This software package must be authorized.

STEP 7 Software for Students contains the option package S7- PLCSIM. This software
package must be authorized and then it can be used for 120 days.

STEP 7 Mini is a restricted version that does not need to be authorized, however, no further
option packages can be used (e.g. S7- PLCSIM or S7- GRAPH).

STEP 7 comes on a CD-ROM, which contains the software. With the CD-ROM comes a floppy disk,
which contains the authorization of the software. After the data from this disk is transferred to the
PC, STEP 7 professional version can be used by the operator.

This authorization disk can also be used on another PC or can be copied in order to authorize the
software. For the topic of installation and transmission of authorization, please refer to module A2
(Installation of STEP 7 V5.x/handling of authorization).

To install STEP 7, please proceed to the following steps.

Place the STEP 7 CD in the CD- ROM drive.

2. The setup program should start automatically. If not, it can be started by double clicking on the
setup.exe executable file on the CD. The setup program will guide you through the whole
installation process of the STEP 7 software.

3. Inorder to use the professional or student version of STEP 7, the software must be authorized

on your computer. The files from the authorization disk must be transferred onto the PC. This
process will execute at the end of the software installation. A dialog window will appear and ask
you if you would like to authorize the software. If Yes is selected, the authorization disk must be
inserted in order to transfer the proper files to the PC.
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4, PROGRAM INTERFACE ADJUSTMENT (PC- ADAPTER)

In order to program a SIMATIC S7-300 from the PC or PG, an MPI-Connection is needed. MPI
stands for Multi Point Interface and is a communication interface that has connections for up to 32
devices(e.g. PCs,HMI systems, etc.). It is used with HMI (Human Machine Interface) systems to
program, serve and observe data exchange between SIMATIC S7 CPUs.

Each SIMATIC S7-300 possesses an integrated interface.

There are many possible ways to attach a PC or laptop to an MPI:

- Integrated ISA- Communication processors for the PG

- ISA- Communication processors for the PC (e.g. MPI-ISA- Card)

- PCI- Communication processors for the PC (e.g. CP5611)

- PCMCIA- Communication processors for the laptop (e.g. CP5511)

- Adapter for the communication over the serial interface of a PC or laptop (e.g. PC-Adapter)

The following steps below describe the calibration and parameters of a PC-Adapter for a PC.

1. Call Set PG-PC-Interface. ( —» Start - SIMATIC —» STEP 7 — Set PG-PC-Interface)

MCHM 57 PROFIBUS 4
[ Canfigure SIMATIC “orkstation
5§7 Converting 55 Files
[ @ Installed SIMATIC 5 oftware
=
Outloak Infonet Fz LAD, STL, FBD Program blocks

|n| Memary-Card parameterization

%‘% MNetPro Canfiguring a Metwark,

FID Cantral

R S57-GRAPH - Programming Sequential Contral Spstems

@ S7-PLCSIM - madule simulation

Authorsiaf » % SCL Program blocks

Documentation et PG-PC-Interface

oduct-Advice L4 @ TI 405 ta 57 Converter
; [ %25 71505 to 57 Canverter Click ‘Set PG-

" & SIMATIC Manager PC-Interface’!

Infornet

‘Windows MT-Explorer
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2. The module Select is available as the MPl-interface. ( — Select )
Aocess Path I
Access Point of the Application:
|STONLINE  (STEF 7] =l
[Standard for STEP 7]
Interface Parameter Assignment Used:
|<N0ne> Broperties. . |
[ < Mone:
[EamEy.. |
[Elete | . .
Choose ‘Select
Interfaces
’7 Add/Remowve:
n].% | Cancel | Help |
3. Select the desired module e.g. choose PC-Adapter and Install (— PC-Adapter —Install).
Installing/Uninztalling Interfaces E I
Selection: Inztalled:
kodule | | |
CP5411
CPES11 Inztall - |‘\
CP5E11 Choose ‘Install’

MPI-54 Card

\ == [ rmrstall |

Choose ‘PC

Adapter’ Resatizes.. |

IMF‘IHF'FH:IFIELIS access via senal interface

|
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4. Make sure the desired module is present (— PC Adapter — Close ).

Installing/Uninztalling Interfaces |
Selection: Installed: ‘PC
kaodule | kodule mber g\dapc;e1r
CPRATT PC Adapter Board 1 oar
- should be
CP5511 1nstal| i present

MPI-154 Card

PL Adapter <~ Uningtall

Eesalizes.., |

MPI/FROFIBUS access via serial interface

Cloze Help |

5. Choose Properties of PC-Adapter (MPI) ( —» PC Adapter(MPI) — Properties).

Set PG/PC Interface E
Acoess Path |

Access Paint of the Application:
[STONLINE  (STEP7) > PC AdapterMPI) =l
[Standard for STEP 7]

Interface Parameter Aszignment Used:

IPCAdapter[MF’I] Properties... ‘ .
—‘I‘~\ Choose ‘Properties

B3 <Mone>

PC Adapterfuto)
PC &dapter{MPI]
PC Adapter[PROFIELIS)

[Parameter assignment of your PC adapt N~ Choose 'PC
arameter assignment of pour PC adapter )
for an MPI network] Adapter (MPI)

Interfaces
’7 Add/Remove:

0K | Cancel Help
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@ 6. Set the COM-Port and the Transmission Rate of the serial interface.

Properties - PC Adapter[MPI] |
COM-Port
(X =] Local Connection |
-
COM Port:
Tranzmizsion Hate: 32400
.\

Transmission Rate

ak. I Drefault Cancel Help

Note: The transmission rate must be suitably adjusted for the PC adapter! Older PC adapters
(PC/MPI cables) should only be processed with a slower transmission rate of 19200 Bit/s .

7. Setthe MPI-Address, Timeout, Transmission Rate and Highest Node Address

Properties - PC Adapter[MPI) (%]
MPI I Local Connectionl

MPI-Address of the
— Station Parameter: / PC/PG
-

[~ PG/PC iz the only master on the bus

Address: ID _I;

Timeout: s - Timeout

r— Metwork Parameters

Transmission Rate: |18?.5 Kepe =] e | ransmission rate
Highest Mode Address: Kl -

-
T — Highest Node
ak. I Diefault Cancel | Help | Address

Note: It is recommended to use the preset values!

8.  Accept the configuration ( - OK — OK).
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9. After the values have been configured, double click on the SIMATIC Manager icon ( - SIMATIC

Manager).

SATIC anager

10. The plug placed from the MPI interface of the PC will appear on the MPI interface of the CPU
and switch the voltage supply of the PLC on. The MPI interface is found behind the front flap of
the CPU in the form of a 9pin D Sub socket.

@
11. When the button &l — Accessible Nodes is clicked and all parameters were correctly selected,
the screen will display the following picture with a folder for the reached MPI interface. The MPI-

o]
Address of the CPU is also shown, which is calibrated witha 2 ( — E ).

QSIMATIC Manao . - Accessible Hodes
PHLC Yiew [Options “Window Help

A5 |z sl [= =] 2o -1 %] @) 2|

ssible Hodes -- C:\Siemens\Step?\5 7projitest

Accessible Modes

Opens a window with the accessible nodes. A

Forward Notes Installation Interface Whatis PLC? Step S7-300 Example exercise Project Program Debug

T I A Training document Page 13 of 48 Module A3
Last revision: 02/2002 ‘Startup’ PLC- Programming with STEP 7



SIEMENS

Automation— and Drive Technology- SCE

5. WHAT IS PLC AND WHAT ARE PLCS USED FOR?
51 WHAT IS THE CONCEPT OF APLC?
i PLC is an abbreviation for programmable logic control. This describes equipment that controls a

process ( e.g. a printing machine for printing newspapers, a bagging plant to bag cement, a press for
pressing plastic-shaped parts, etc ... ).

This process occurs according to the instructions of a program in the memory of the equipment.

Program loaded into
the memory of PLC..

. routed to the
machine

Program with
directives

Machine

5.2 HOW DOES A PLC DRIVE A PROCESS?

The PLC controls the process, in which Actuators are wired as Outputs to designated connections
of a PLC with a control supply voltage of e.g. 24V. Motors can be switched on and off, valves
extended or retracted, or lamps switched on and off through this connection.

=ie

Lamp lit

’M_l The output of a PLC controls the actuators
I]H | through the circuit of the supply voltage!

Lamp not lit
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5.3 FROM WHERE DOES A PLC GET INFORMATION ABOUT THE STATE OF A PROCESS?

A PLC receives information about the process from Signal generators which are wired to the
inputs of the PLC. These signal generators can be e.g. sensors which recognize whether a working
part, switches or buttons lie in a certain position. This position can be closed or opened. Please
note the variation between NC contacts, which are inactive when closed, and NO contacts, which
are inactive when open.

=ie

+ 24v |

Circuit closed
The PLC inputs collect the information
I:”] about the state in a process!

/ Circuit open
4= 24V

5.4 WHERE DOES THE DIFFERENCE BETWEEN A NORMALLY OPEN (NC) AND CLOSED (NC)
CONTACT LIE?

The variation between NO contacts and NC contacts is within a signal generator

=ie

The switch shown here is a NO contact, i.e. it is closed when it is active.

_/ = Re—

NO I NO NO

NO
pontgct contact contact I contact
inactive open active closed

The switch shown here is a NC contact. i.e. it is closed when it is not active.

—_—

NC |||]|:> NC NC

NC
pontgct contact contact I contact
inactive closed active open
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5.5 HOW DOES A PLC COMMUNICATE WITH IN/OUTPUT SIGNALS?

The designation of a certain input or output within the program is referred to as addressing.

The inputs and outputs of the PLCs are mostly defined in groups of eight on digital input and/or digital
output devices. This eight unit is called a byte. Every such group receives a number as a byte
address.

Each in/output byte is divided into 8 individual bits, through which it can respond with. These bits are
numbered from bit 0 to bit 7. Thus one receives a bit address.

=ie

The PLC represented here has input bytes 0 and 1 as well as output bytes 4 and 5.

Digital Output Dev |
" Byted
Bit Oto 7

| Digital Input Dev || ¢

. Byte D

] . BitOta?

T . o
= |

== 8 Diital Input Dev |

=5 Byte
=8. Btoto7

|

_ ]
| Digital Output Dev |
U Bytes '
Bit Oto 7

Here e.g. the fifth input from the higher bits responds with the following address:

| 0.4

| Here the address type is specified as Input, 0 the byte address and & the bit address.

The byte address and bit address are always separated with a point.
A Note: For the bit address here, the 4 stands for the fifth input because the count begins at 0.

Here e.g. the lower bits respond with the following address:

Q 5.7

Here the address type is specified as Output, Jthe byte address and 7 the bit address.
The byte address and bit address are always separated with a point.

A Note: For the bit address here, the 7 stands for the eighth output, because the count begins
at 0.
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5.6 HOW DOES THE PROGRAM WORK IN A PLC?

Program processing in a PLC happens cyclically with the following execution:

=ie

1. After the PLC is switched on, the processor (which represents the brain of the PLC) questions if
the individual inputs have been transmitted or not. This status of the input is stored in the
process- image input table (PIl). Leading inputs become the information 1 or High when enabled,
or the information 0 or Low when not enabled.

2. This processor processes the program deposited into the program memory. This consists of a
list of logic functions and instructions, which are successively processed, so that the required
input information will already be accessed before the read in Pll and the matching results are
written into a process-image output table (P1Q). Also other storage areas for counters, timers and
memory bits will be accessed during program processing by the processor if necessary.

3. Inthe third step after the processing of the user program, the status from the PIQ will transfer to
the outputs and then be switched on and/or off. Afterwards it continues to operate, as seen in
point 1.

1. Input status in the
PIl memory.

PLC program in Pl
program memory

2. Handling of a

program command for 1. Statement Timer

a directive with access 2. Statement

from the PIl and PIQ 3. Statement Counter
as well as the timer, 4. Statement

counter and mem. bit.

Mem. bit

\/ last statement PIQ

3. Status from the PIQ
transferred to the outputs.

A Note: The time that the processor requires for this execution is called a cycle time. This time is
independent from the number and types of commands.
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5.7 HOW DO THE LOGIC OPERATIONS IN A PLC PROGRAM APPEAR?
i Logic functions can be used in order to specify conditions for the toggling of outputs.
These functions can be provided to the PLC-Program in the programming languages ladder diagram
(LAD), function block diagram (FBD) or statement list (STL). For the sake of descriptiveness, we will
limit ourselves here to FBD. A wide range of different logic operations can be used in PLC programs.
AND as well as OR- operation and NEGATION of an input can be frequently used. Basic examples
are briefly described below.
Note: Further information of logic operations can be quickly found in the online help section.
5.7.1 AND- OPERATION
i Example of an AND- OPERATION:
A lamp should ignite when two switches at a closed contact are active at the same time.
Circuit diagram: S1 S2
+ 24y —— I |
&)
M
Comment:
The lamp lights when both switches are active.
When the switch S1 and S2 are active, the lamp H1 will light up.
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i A PLC circuit:
In order to implement logic in a PLC program, both switches must be naturally attached at the inputs
of the PLC. Here S1 is wired to the input 1 0.0 and S2 to the input 1 0.1.
In addition, the lamp H1 must be attached to an output e.g. Q 4.0.
4+ 24v |
Switch S1
10.0
+ 24V |
10.1 / Switch S2
M | Lamp H1 should
light when the
Q4.0 switch S1 and S2
are active.
AND- Operation in FBD:
In the function diagram FBD, the AND- Operation is programmed and is shown by figurative
representation below:
AND-Operation
inputs.
There can be more Output, where the
than 2 inputs! assignment is
allocated.
[0.0 e & Q4.0
0.1 e —
/
i t'/ Assignment of the
reI?)Lrjézéﬁation of result of the logical
the logical AND- operation
Operation
Forward Notes Installation Interface Whatis PLC? Setup S7-300 Example exercise Project Program Debug
T 1A Training document Page 19 of 48 Module A3

Last revision: 02/2002 ‘Startup’ PLC- Programming with STEP 7



SI E M E N S Automation— and Drive Technology- SCE

5.7.2 OR- OPERATION

i Example of an OR- Operation:
A lamp should ignite when one or both switches at a normally open circuit are active.
Circuit diagram:
g S1
4 24V
S2
3 24V
( % ) H1
M
Comment:
The lamp lights when one or both switches are active.
When the switch S1 or S2 is active, lamp H1 will light up.
A PLC circuit:
In order to implement logic in a PLC program, both switches must be naturally attached at the inputs
of the PLC. Here S1 is wired to the input 1 0.0 and S2 to the input 1 0.1.
In addition, the lamp H1 must be attached to an output e.g. Q 4.0.
+ 24V |
Switch S1
10.0
3+ 24V |
10.1 / Switch S2
M | Lamp H1 should
light when switch
Q4.0 S1 or S2 is active.
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OR- Operation in FBD:

=ie

In the function diagram FBD, the OR- Operation is programmed and is shown by figurative
representation below:

OR-Operation inputs.
There can be more

than 2 inputs! Output, where the
assignment is
allocated.
[0.0 e > Q4.0
0.1 e - —
/
i t'/ Assignment of the
igurative result of the logical
representation of the operation!

logical OR-Operation

5.7.3 NEGATION

In logical functions it is often required to know whether a NO contact is not active or if a NC contact

is active so that there will be no voltage against the appropriate inputs.
This can be achieved with the use of a Negation on the input of the AND/OR Operation.

=ie

In the function diagram FBD, the negation of the inputs of the AND- Operation is programmed and is
shown by figurative representation below:

Input of the AND- Figurative

Operation, which is representation of the
negated! negation!

1 0.0 & Q4.0
| 0.1 —

The output Q 4.0 has the correct value when 1 0.0 is not active
and | 0.1 is active.
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HOW IS A PLC- PROGRAM GENERATED? HOW DOES IT ARRIVE IN THE MEMORY OF THE

5.8
PLC?
i The PLC program is provided with the software STEP 7 on a PC and buffered there.
After the PC is connected with the MPI interface of the PLC, the program can be loaded with a

loading function into the memory of the PLC.

1. PLC- Program
created with STEP
7 onaPC.

3. Program from
2. PC _—— the PC built in the
connected with PLC memory.
MPI- Interface PC Adapter

of the PLC .

PLC S7-300

A Notice: The exact execution of the program will be described step by step in chapters 8 through 10.
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6. ASSEMBLY AND OPERATION OF THE SIMATIC S7-300.

Device spectrum:

=ie

The SIMATIC S7-300 is a modular miniature control system and provides the following device
spectrum:

- Central processing units (CPUs) with different power ranges, partly integrated with In-/Outputs
(e.g. CPU312IFM/CPU314IFM) or integrated with a PROFIBUS- Interface (e.g. CPU315-2DP)

- Power supply devices (PS) with 2A, 5A or 10A.

- Interface modules (IMs) for a more interconnecting design of the SIMATIC S7-300

- Signal modules (SMs) for digital and analog in- and output.

- Function modules (FMs) for special functions (e.g. stepping motor control)

- Communication processors (CP) for network connection.

CPU: cg 314 IFM
S T —
E w— : —
O .
1]
T - / / \
PS: IM: SM: M: CP:
power supply  interface modules signal modules function modules ;:m‘;ﬁiémm
DI1/DO Seryo Motor T
R ASI- Bussystem
ALFAD PID Control
Profibus DP
e.g PS3072A eg IM365 eg. SM323 ee. FM365C
e.g. CP 3425

A Note: Only a current supply device, any CPU as well as a digital in and output is required for this
module.
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i Important elements of a voltage supply and CPU:
Powver supply Memoary card .
. CPU r Signal module
’ N : .'I - '--}
P T
Hatus indicator :- R ﬁ i
— ims -~ i = d._. | : E -
Supply woltage _- ,. ‘ ; I i
zelector switch I eord
[kl
On/Off Switch ’ :
B e - | SO . S
- Battery MPI Interface
ketwork connection _
uork type switch
MPI- Interface:
Each CPU possesses an MPI interface for the networking of program devices (e.g. PC adapter). This
is found behind a flap at the front of the CPU.
Mode selector:
Each CPU possesses a code switch for the switching of the modes of operation. Certain
programmed functions are allowed depending upon the position of the code switch. The following
modes of operation are possible:
X
b RUM-P:  Program runs; Al PG functions are allowed.
W L=
FLM RUM:  Program runs, Only read PG functions are allowed
|
=TCR / =TOP.  Program does not run; &Il PG functions are allowed.
MR=2 MRES; with thiz position, one can accomplish & reset as described
Forward Notes Installation Interface Whatis PLC? Setup S7-300 Example exercise Project Program Debug
T 1A Training document Page 24 of 48 Module A3

Last revision: 02/2002

‘Startup’ PLC- Programming with STEP 7



SIEMENS

Automation— and Drive Technology- SCE

=ie

Memory reset:

Memory reset erases all user data on the CPU each time the program is begun.

This is performed in the following three steps:

Step

Execution

Result

Turn the key to the
STOP position.

STOP indication is shown.

Turn the key to the
MRES position and hold

it in this position (approx.

3 seconds) until the
STOP- indicator is
shown.

The STOP-Indicator expires and after
approx. 3 seconds, it will be shown
again. With new CPUs, wait until the
STOP-Indicator lights up for the
second time.

Important:

Between step 2 and step 3 a
maximum of 3 seconds should go by.

Turn the key back to the
STOP position and
within the following 2
seconds restart in the
MRES position.

The STOP-Indication blinks for
approx. 3 seconds and then lights up
again normally: When everything is
ok.; The CPU is reset.
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7. EXAMPLE EXERCISE

@ A simple exercise will be performed for our first STEP 7 program.

A press with a protection device will be released only with a START-Button S1 when the safety guard
is closed. This condition is supervised with a sensor safety guard BO.

This case accesses a 5/2 directional valve YO for the press cylinder every 10 seconds, so that a
plastic form can be pressed.

For safety reasons, the press is raised again when the START-Button S1 is released or when the
sensor safety guard BO is no longer activated.

Allocation map:

Address Symbol Comment

10.0 BO Sensor safety guard

10.1 S1 Start- Button

Q4.0 YO 5/2 directional valve for the press cylinder
+ +

Presse mit Schutzeinrichtung
Press with protection cage

Start button S1
to start the press

—:{: b procedure.

A

4 2
o == S1 —']: Start
AV I¥Am

¥ ” 7 K

5/2 directional valve controls Schutzgiter SensCr Sensor B0
. Protection cage sensor . .

the press cylinder. recognizes if the
The cylinder extends as long safety guard is in

as the output YO is triggered. place.

" “' \'/ x4 pd“
'\”'\t" ‘\llw ‘
k"‘m

\y

Safety guard to
protect from personal
injuries.

p— Pysh to press
plastic form
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8. STEP 7- PROJECT APPLICATION
i File management takes place in STEP 7 with the SIMATIC Manager. Here e.g. program blocks can
be copied or be called for further processing with other tools by clicking with the mouse. The

operation corresponds to the standards usually seen in WINDOWS 95/98/2000/ME/NT4.0. (e.g. With
one right click from the mouse button, one is able to receive the selection menu to each module).

In the folders SIMATIC 300 station and CPU, the structure of the hardware of a PLC is illustrated.
Therefore such a project can always be seen as hardware specific.

In STEP 7, each project is put into a firmly given structure. The programs are stored in the following

directories:
SIMATIC 300 Station:
Project: Stored here are the
The directory contains the 25£1Eizzrrlsttii:ardware
hardware (e.g. SIMATIC 300 .
Station) and the sub structure (Hardware/SC*1) and CPU
(e.g. MPI and PROFIBUS). data.

Source Files/SO*":

Sources are placed here (e.g.
SCL- Source Files). They can
be converted into executable
programs by translation.

Blocks/AP-off*":

Stored here are the
program blocks ( OB, FB,
FC, SFB, SFC, DB etc. ).

Symbols/SY*":
Stored here are the symbol
lists for symbolic addressing.

\

CPU:

The S7 program and S7-Program: The user

the interlaced programs (Blocks/AP-off*"),
connecting partners symbol tables (Symbols/SY*"),
(Connection/CO*") and Source files(Source

are registered here. files/SO*") are administered

1 . here.
*" Terms are from STEP 7 Version 2.x
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In order to make a project independent from the hardware, one can create a project that does not
contain all possible files.

=ie

This project would have the following structure:

Project:

The directory contains the Source Files/SO*":

hardware (e.g. SIMATIC 300 Sources are placed here (e.g.
Station) and the sub structure SCL- Source Files). They can
(e.g. MPI and PROFIBUS). be converted into executable

programs by translation.

[= tartup -- C:ASiemens\Step7AExamples'\ZcNO1_03

| Source Files
(1]

{E] Source Files

\gH Blocks

™ Blocks/AP-off*";

Stored here are the
program blocks ( OB, FB,
FC, SFB, SFC, DB etc. )

Symbols/SY*":
Stored here are the symbol
lists for symbolic addressing.

S7-Program: The user
programs (Blocks/AP-off*"),
symbol tables (Symbols/SY*"),
and Source files(Source
files/SO*") are administered
here.

*! Terms are from STEP 7 Version 2.x

Thus, it will load arbitrary configurations of the SIMATIC S7-300, S7-400 or WinAC. Only the

Note: This example will know the programs provided without the configuration of the hardware.
A addresses of the inputs and outputs must be adjusted for each individual case.
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The user must implement the following steps in order to provide a project in which the solution
program can be written.

1.  The main tool in STEP 7 is the SIMATIC Manager, which can be opened with a double click on
the icon ( —» SIMATIC Manager).

SATIC anager

2. STEP 7- Programs are managed in projects. Each project can be newly created ( — File —
New).

JJ SIMATIC Manager
FLC Wiew DOptions “Window Help

‘Mew Project’ Wwizard
Open...
Open Yersion 1 Project

S7 Memary Card
Memory Card File

Delete...
Reorganize.
Manage..

Aichive...

Retrieve.

Faae Setup..
Latrelifig fields...
Print Setup.

1 startup [Project] - C:5SiemenstStep?hE samples'Zen0l_03

2 Hardware [Project] - C:\Siemens\Step?ExamplesiZend1_01

3 PROJECT-PROFIBUS [Praoject] - C:A\Siemens\Step7iExamplesiexpb
4 Accessible Modes

Eait Al+F4

Creates a new project or a new library. A
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3.  Give the project the Name startup. ( — startup - OK)

Hew I

|lzer projects | Libraries I

I ame | Storage path |

Y ET=S Tvpe:

Istartup I Praject hd I

Storage location [path);

IE: YSiemenz\StepshS Fproj Browse. . |
Cancel | Help |

N\

4. Insert a new S7-Program into startup. ( — startup — Insert - Program — S7-Program)

er - startup
LC View Dptions Window Help
Station 2 o lﬁ 7 =
Subnet , !I lﬂ_ﬁl gl gl < MoFilter » _ﬂ'l aa ﬁl
il 157 Program
2 M7 Program
ZEaararn

SV Goftware
SBlask
A Saftiare ¥

Spmbol st
ExtemalSource,

'Ef'; startup -- C:\Siemens\5tep?\5 7proj\startup

Inzerts 57 Program at the cursor position, A
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5. The program execution is written into blocks in STEP 7. According to standards, the
organization block OB1 is already present. This represents the interface for the operating
system of the CPU, which will be automatically called and cyclically worked on.

From this organization block, further blocks e.g. the function FC1 can be called for a program
routine. This serves as a process to divide a total task into sub-problems, which are then
simpler to solve and simpler to test for functionally.

=ie

Program structure of the example:

Organization Block
OB1

Cyclic block called by
the operating system.
Here the function FC1
is called.

CALL FC1

_> Function

FC1

This example contains
the actual program of
the pressing control. It
is called by the OB1.
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6. Inorder to further insert the module FC1 into the project, the folder ‘Blocks’ must be highlighted.(

— Blocks)

KJ SIMATIC Manager - [startup -- C:\Siemens\Step7\S7proj\startup] | _ (O] <]
% Fil= Edit Insett PLC “iew Option: Window Help _Iﬁ'lil

Dl (28)] & [l sl [2 2| 2af mE] & [orne =17 22l=| K2

% startup [ OF1

El-{z1 57 Pragram{1)
(B Sources

i
1
|
|

Press F1 to get Help. v
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7. The S7- Block function is inserted into the folder block. ( —» Insert —» S7 Block — Function)

ISIMATIC Manager - [startup - C:\Siemens\Step7\5 7proj\startup] = B
£p Fie Edit [N FLC Yiew Options Mindow Help MEIE|
o l@m| | Staion » o = = l—LIY =
)= o ’ | [= 25| 2af < Mo Fiter » | 38| E”
=] @ startup| - Brogam » [FOB1
-5 57
& 5 Software ¥
45 k I 1 Oiganisationsbaustein
7 Gaftware ¥ 2Funklionsbaustein
SombolEtE

4 Datenbaustein
_ SDatentyp
b Yariablentabelle

Eztemial Soureen.

Inserts Funktion at the cursar position 4

8. Now the name of the function can be chosen and further entries for the block document can be
made. (— FC1 —» OK)

Properties - Funktion |
General - Fart 1 |General-F‘art2| Calls I Attributesl

Mame: FC1

Symbolic Mame: I

Symbol Comment; |
Created in Language: STL -
Project path: |
Sk locati
Dfﬂ;?:cﬁca o |E:\Siemens'\5tep?\5 Fprojhstartup
Code Interface
Date created: 14/08/2002 03:35:40
Lazt modified: 140842002 03:35:40 14/08/2002 033540
Comment; :I

I
(1] 4 . Cancel | Help

Forward Notes Installation Interface Whatis PLC? Setup S7-300 Example exercise Project Program Debug

T 1A Training document Page 33 of 48 Module A3
Last revision: 02/2002 ‘Startup’ PLC- Programming with STEP 7



SIEMENS

Automation— and Drive Technology- SCE

9. The two modules OB1 and FC1 are now available in the SIMATIC Manager and can be further

455 Blocks

Presz F1 to get Help

programmed.
HSIMATIC Manager - [startup -- C:\Siemens\Step 745 7proj\startup] [_ (O] =]
@ File Edt Inzet PLC “iew DOption: ‘window Help — |E| ll
sl o Saf s B[S S oo %] 2ls] wl]
= 081
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STEP 7- PROGRAM WRITING IN FUNCTION DIAGRAM FBD

One possibility to provide a STEP 7 program is the function diagram FBD. A figurative representation

of the control problem by means of symbols with function identifiers is shown below. On the left side
of the symbol, the inputs are arranged. On the right side, the outputs.

The function FC1 should be worked on here as the first block. The function is opened in the
SIMATIC Manager with a double click ( —» FC1)

QSIMATIE Manager - [startup -- C:\Siemens\Step7\5 7proj\startup] [_ O] =]
% File Edt Inset PLC “iew DOptions "Window Help

=121 x|
D|[8%] =] & |m=(2| dbu| [2 2] =] [ <o Fiter » ~1%| 2] x2l|
% startup [ OB 1 3
B 57 Program(1]
[l Saources

4 Blocks

Press F1 to get Help,
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2. In the newly opened Editor, the VIEW of the programming language function diagram can be
changed from LAD/STL/FBD to FBD ( — View — FBD).

D/STL/FBD -FC1 M=l B
File Edit Inzet PLC Debug Optioh:  Window  Help

Dslalsl [, ™ QLB
F

EEE=] wel

] PENTARTAINEY  Enrrs and Warings [_[O] x] I -1 New netwark -
- -{&] Bit logi
Declaration LAD Ctil1 & E\ logic
2] i Chil+2 [#-{] Comparatar
o [#-{zg] Converter
[#-{x4) Counter
Dzt ey 1#-{o8] DE cal
|| * elErEtion Ve ] 125 Jurps
o || = Integer fot
Disglay with ﬂ [ Flaating-paint fet.
Zoam o Cilhums ﬂ S% rI;“Ilroo\;am cantiol
FC1 : Title: - .
o eE ZoomDul Ctikehlum - (33 Shit/Rotate
Coument: s, [#-fai] Status bits
v Toolbar [#-{@] Timers .
Breakpoint Bar -3 Word logic
v Slalus Bar [#-{gg FE blocks
Counent: (-8 FCblacks
o et [#-g8 SFB blacks
’ (g8 SFCblacks oo
e ie 2 [#-@ Multiple instances j
Wew netwark. %
= 2
hd —
Changes ta the FED programiming language in the cument block. =] |0flhne by |Nw1 Lnl Ingert 4
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3. The surface program for the programming in the function block diagram (FBD) appears as

follows:
Frequently used instructions
such as the AND- Box, OR-
Save block! Box, Assignment, Empty Box,
' Download Insert new Binary Input, Negated Binary
: networks! Input, Branch and Catalog of all
block into the Connection! g

CPU! programmed items!

S LAD/STL/FBD - FCI

File Edit Neet PLC Debug Miew Options

{2l &) pI=le) ol wlal 5 o 108 k] Sl sl el

m FC1 -- startup\57 Program{1) Program elements

B New netdork. -

[#-{&] Bit lagic
-] Comparator
Carwverter

e S
Variable declaration table (not

used in this example)!

FCL : Yitle: /
Program control
Shift/Rotate

Comment,\ /

\ tatus bits

---------- ﬂ| Timers
t 1A Tiel

?{9_3'9_1[_ g\\ EI/ / B3 Word logic

Coument: {8 FB blacks
g8 FC blocks
[/ 5FB blocks

Comments and network block 0 ST bocks =
title! %

/ = 2
Press F1 to get Help. / \l_@ |effine: [&bs [Nw1 Ln1 Insert | 4

/

The control problem can
be provided here by
symbols with function
identifies!

Note: The programs in the STEP 7 blocks are programmed in individual networks. Thus there is a
possibly to have a further structuring and improved documentation in the network headings* results.
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For our example, a timer is needed as a pulse. This is called S_PULSE and can be found in the
catalog under the point Timers.( — Timers - S_PULSE)

ELADISTUFHD - FC1 M= B
File Edit Inset FLC Debug “iew DOptions ‘window Help

E_T| Integer fct.
[z Floating-paint fet
-7 Move

(-] Status bits
BT
F] 5_PULSE
" ] s_PERT
FC1 : Title:

Conment:

] +[SF]
H-{Zg Word logic
[H-ig3 FB blocks =

<

Timner instructions

- 2
D [cffine s [Mwi Lni Insert 7

Dizplaps program elements catalog [on/off).

Note: If an operation was selected, it is indicated in the footer of the catalog and is accompanied with
a brief description.
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5.  For exact specifications, information for each operation is contained in the ? symbol, which is
the online assistance manual. It is comprehensive and explains each instruction with a detailed
example. (> [?|)
[ STL/FBD - FC1

it Ineeit PLC Debug View Dptions ‘Window Help

marwhwﬂmmﬁﬂm EEEEE=E
0] - . -

Datei Bearbeiten Lesezeichen Dptionen 2 {51] Integer fet
Floating-point fct,
Move

Inhalt Index Zuick: Diucken | &« |
» Helpon STEP 7| Glossary

|| S_PULSE : Assign Pulse Timer Parameters and
Start

M|
0
A|
FC1 : Title: Example

Frogram control
Shit/Rotate
] Status bits

Th
Comment: o
3_PULSE
100—5 Bl—

SET#Is— TV BCD— 040 :

i—z_ o= ]
[fthe signal state of input 10.0 changes fram 0to 1 (if there is a rising !
edqe inthe RLOY, tirmer TG is started. The timer cortinues to run with the \

Mz

Fress F1 to get Help |2 [affine #hs [Nw Ln1 Insef /4 :
T T i
i Lol | - B
! Fress F1 to get Help. [ 2 [offine lbbs  [Hw Lni lIneet |~ /|

Note: The time as a pulse S_PULSE, as used above, holds for as long as the time is given. When
the set input S is ‘1%, the output Q is ‘1°. If the time is given with a TV or signal level S of ‘0, then the
output Q will be ‘0°.
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6. The operation S_PULSE is now inserted into the first network, by placing the cursor over
S_PULSE, clicking and then holding the mouse button, dragging the S_PULSE to the network
field, and then releasing the mouse button ( - S_PULSE).

LAD/STL/FBD -FC1

Fie Edt Inset PLC Debug Yiew Options ‘wWindow Help
) e 0 O e g
W FC1 - startup\ST Program(1) !EI 5] Jumps j
o] | e ntegerfct
ess ectasation [ Datial vaue oment s
| e {ac] Pragram contral
Shit/Rotate
o 1 #{ag] Status bits
p e )| #|| 2 Tiness
y 5_PULSE
J ”E !
o 5P
Conment: E 5007
-F 50018
: -1 5_oFF0T
272 _
! -1 -6P)
§_PULSE ] )
.= EIf... / | 5o
| 22917 B0 il :
l - )
=R - #H{2] Woid lngic
' (g FB blocks i
i Assig-n parameters ko and start pulse 3
i Hmet. d
Fress F1 to get Help. [ @ [ofline libs [N [Insert Thg
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(—>S—>_I).

LAD/STL/FBD - FC1
File Edit Inset FLC Debug Wiew QOptions Window Help

7.  Operations that are frequently used e.g. the AND-Operation can be found in the menu bar.

They are inserted by first clicking on the input S by the timer, and then on the button

o T S

e E e

m FC1 -- startup\S7 Program(1)

Declaration (Hame

MEH||

Integer fct
Floating-point fct.

i
[ R R

e,
[,

Move

Program contral

e
i
G
]
EaE

Shift/Rotate

EEmR—
[ o
e
P
Liiianiinaanninaiiiid

Status bits
@] Timers

§_PULSE

Coument:

5 PEXT
- 5.001
- 50075

2,7 — ”?
5_PULSE
72,2 5 BlR..

=TV BCD ...

] S_OFFDT

-3 Word logic
g FB blacks =

Assign paiameters to and start pulse £
tiner, d

“

Fress F1 to get Help.

[ 2 [fine Bbz N [Incett [Chg

Forward Notes Installation Interface Whatis PLC? Setup S7-300 Example exercise Project Program Debug

T I A Training document
Last revision: 02/2002

Page 41 of 48

Module A3
‘Startup’ PLC- Programming with STEP 7



SI E M E N S Automation— and Drive Technology- SCE

8. The timers need to be designed with T1 and be registered with a value of 10 seconds in the S5
Time-Format S5T#10s. In addition, the inputs should be registered as 1 0.0 and |1 0.1 at the
AND- Operation as well as in the network and comment blocks. ( —» T1 — S5T#10s — 10.0 —»
10.1 - Comment)

ELADISTLIFBD -FC1 [_ (O] =]
File Edit Inset PLC Debug View Options Window Help

Dl(2-(@] @ £ le] o] el = 2] )] B kel SEemE]de=] el

m FC1 -- startup\57 Program(1) - O] x|

Declaration (Hame

-] Jumps B
[#-{21] Integer fct.

[#]-{28 Floating-paint fct.
[#-{7] Mave
3
[
[

#-{ar] Program control
-] Shitt/Rotate
fl-faiE] Shatus bits

2 EH@) Timers
Comment: ﬂ -] /8.PULSE
§_PENT
5 00T

10.0 = Tl

5 PULSE [ ]

I0.1=— s Ji 8 S

S5T#L05 — TV BID ...

.. R - [#-{3a] ‘wiord logic
[#-{gH FB blocks =
Assiin parameters to and start pulse £

x| timer.
?
Press F1 to get Help. 2 |offline E

Note: In order to give a time to a timer, the following syntax must be used:

/ S5T# 10s \

S5T# is the first format and directly after it the time (here 10 seconds) is entered. The time can also
be given as milliseconds (ms), minutes (m), and hours (H). These units can also be indicated
together (e.g. S5T#3M_3S).
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i i
9. A further network is registered by clicking on the symbol 2 in the menu bar. ( » E=1)

ALAD/STL/FBD - FC1 !E[ﬂ
File Edit |nset PLC Debug “iew Option: ‘window Help

Dllz-la| &l &l=le] o] ekl s @ k) B e mEEmEEe]s] )
m FC1 - startuph\57 Program(1]

Declaration

4 New network.
(@ Bitlogic
(X3 Comparator
(&g Corwerter
B[4 Courter
(@8 D cal

Move
{3 Program control

4l | {z5] Shift/Ratate
[ ] 5|
Hetwork 1: Ticle:
Comment: _I
&
10.0— T1 -
5_PULSE -
I0.1— 15 EIf... ~
£ -5F)

SST#103 —TV BCD ...
-3 Word logic
F-{gH FB blacks
-8 FC blocks
[
[
[

.. —R 0

+-{gH SFE blocks
+-{gH SFC blocks
A-{Ei] Multiple instances
- Jill Libraries

Liegign parameters to and start pulse £,
timer. =

=l
Press F1 ta get Help. 2 |offline Abs [Mw Insert |Chg
A

Comment:

10. Insert an assignment by clicking once on the symbol IE‘ (—> @ )

B LAD/STLAFED - FLT
Fle £ jmet FLC Detug View Qoo Wedow Heb

 Olizie) o] xjwie) of | clalfs | LI o

Harw TP Taitial valwe

_BEE

Lalo]

= |

Metwrk 1: Tiele:

rongn:: |

Ll

2§

| &
10.0— n
[sFuse e
T0. 1 - _lg BT .
SETELOS —TV  BCD ... || g SFC bocks
. ok || i Muchs instances
- || 5 2 Veies

2l Titie:

| Mg ot 1o e st ki
im.
|

Pressa Fl b ot Help. [ D olfinn a2 inaent [Tha
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11. The assignment should apply for the output Q4.0 and will take place as long as the Timer’s signal

T1 is ‘High*. These two operands must be inserted before the FC1 can be stored |E| and

loaded ﬂl intothe PLC. (- Q4.0>T1 > Iﬂl - ﬂl)

R LAD/STLAFBD - FCI

Fle Ed jreet PLC Debug Yew Opiions Window Heb
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Fraas F1 1o gat Hel [ [oline [Bbe (w2 insen [Chg :
Caution:  The editor program ,LAD/STL/FBD* was not closed. It can be closed by switching to
the SIMATIC Manager in the foot line (Point 12) or by the calling of OB1 with the
function “OPEN*.

12. To program the OB1 of the FC-Call, double click on it in the SIMATIC Manager (— SIMATIC
Manager — OB1).

JICTSIMATIC Manage - [stastup - C:AS e
Bprie [k Iwed PLC Vew Options =131x
Dlsie=] siwle] aif ) af wm ol e <9 vl vl

= (g1 57 Progasdl)
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13. The properties of the OB1 are held and accepted with OK ( — OK).

Properties - Organisationsbaustein

General - Part 1 | General- Part 2| Calls | Atuibutes |

Mame:
Symbalic Mame: |
Syrbal Comment; |
Created in Lahguage: STL i
Project path: I
St locati
ngr%?:ct?ca on IE:'\Siemens\Step?\S?pmi'\staltup
Code Interface
Date created: 14/08/,2002 02:21:05
Last modified: 07/02/2000 030343 15/02/1996 04:51:12
CRnment: "Main Program Sweep [Cpcle]” ;l

14. In the Editor, the view LAD/FBD/STL can be changed to FBD by clicking on View, and then
FBD for the programming language function diagram.( —» View — FBD)

EILAD/STL/FBD - OB1
Eile Edit |nset FLC Debug DOptions  Window Help
M|zl Eugata\ug Clrl+k
% PLC Register

m DB - startup\S7 Prografiilaeciielehiiid
[

[_[Ofx]

ot
Address |Declaration LeD Lt i Hew netwiorc
STL Ct+2 (&) Bitlogic
0.0|tenp SIEED] T ts 0-3 = 1 (Coming event (%] Comparator
1.0|temp (Cold restart scan 1 of {89 Converter
z.0[cemp Uitz (Prioricy of 1 iz lowest
» [JEc! et e -
3.0|tenp - - iOrganization block 1, O
4.0|tenp Display with 4 served for system
5.0|tenp Zoom In Chrl+Murm+ served for System Floating-point fct.
6.0|temp Zoom Out Ctrl+Mum- cle time of previeus OBL EIWE -
Zoom Factor, i fogram caniiol
3.0|tenp Z nimum cycle time of OBl Shitotate
10.0|tenp v Toolbar aximun cycle time of OBL Status bits
120l remn Breakpoint Bar lakm. T te And time NR1 started T {gm) Timers
[l | sy 3 2 Word logic
... | =]| =& FB biocks
0Bl : “Main Program | Asddi {zH FC blacks
. {28 SFB blocks
g Update Yiew F&
[Eerm s e ‘ &8 5FC blocks
(G0 Multiple instances
e 1 ‘ -l Libraries
Functions of the project zf
= 2
Changes ta the FED programming language in the current block. 2 [ offline Abs | lInsert [Chg 4
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15. The OB1 can be saved by first double clicking on the FC1 (found under the FC Block) in OB1'‘s

Network 1 catalog, then clicking the save button Igl and then compiling it with the download

button ﬂl . (> FC Block - FC1 —» Iﬂl - ﬂl)

B LAD/STL/FB™  OB1
File Edit Insergg® Debug Wiew Options ‘Window Hg
a H
D8] & &= =)= el [2) & 1] B ke =T == w2
m 0B1 - slaS? Program(1] [_[O] %]
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1.0|temwp OBL_SCAN 1 BYTE iCold restart scan 1 of Canverter
Z.0|tenp 0BL_PRIORITY BYTE (Priority of 1 iz lowest ggu”ti’
cal
3.0|temwp 0OBl_0OE_NUMER BYTE i0rganization block 1, O Jumps
4. 0(tenp OBEl_FRESERVED_1 BYTE egerved for system Integer fct,
5.0|cemwp 0Bl_RESERVED_Z EYTE egerved Lor sSystenm Floating-point fct.
6.0|ceup 0BEl_PFEV_CYCLE INT wole time of previeous 0Bl Move
8.0 OBL_MIN_CYCLE INT i L £ OBl Program coriral
. 0|cemp _MIN_ inimum cycle time o Shit/Ratale
10.0|tenp OBl _Max CY¥CLE INT aximum cycle time of OBL Status hits
12_0lrenn NR1_TaTF_ TTHF TIATF. &NT: TTHF. ate and time NR1 started T Timers
ll_l L Word lagic
=]| =& B blocks
0Bl : “Main Program Sweep (Cycle]™ EHgH FC blocks
o
Comment: ‘ SFB biocks
Wy SFC blacks
Hetwork 1): Call of FC1 {4} (g Multple instances
"""""" Jill Libraries
Comment.: ‘
FC1
—EN ENOj—
!
=
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Saves the current block Asource 2 [offline Abs [Nl Insert v

Forward Notes Installation Interface Whatis PLC? Setup S7-300 Example exercise Project Program Debug

Module A3
‘Startup’ PLC- Programming with STEP 7

T I A Training document
Last revision: 02/2002

Page 46 of 48



SIEMENS

Automation— and Drive Technology- SCE

File Edit Insett PLC Debug ‘iew Options

Help

STEP 7- PROGRAM DEBUGGING IN THE CPU

In order to observe the program in FC1, LAD/FBD/STL'’s block must be changed in the editor
under Window and then from OB1 to FC1. (— Window — FC1)
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al
2. The program in the FC1 can be observed with a mouse click on the eyeglass symbol I_ . The

execution of the timer is demonstrated as the signal state of an input and output. ( »> I_ )

HELAD/STL/FBD - FC1 =] B3

File Edit Inset PLC Debug Wiew DOptions Window Help
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